Purpose: To evaluate the role of ultrasonography in oral submucous fibrosis (OSMF) patients.
Introduction
Oral submucous fibrosis (OSMF) is one of the most com mon premalignant conditions seen in the Indian popula tion. It affects all parts of the oral cavity including buccal mucosa, labial mucosa, tongue, and soft and hard palate. The aetiology of OSMF is multifactorial, but areca nut and its products are considered to be the main causative agents. The condition is characterised by a burning sen sation, blanching, and stiffness of the oral mucosa caus ing reduction in mouth opening [1] . Clinical examination alone may be subjective and is probably insufficient to characterise the disease severity adequately. Biopsy, being a minor surgical procedure, has its limitations, e.g. more time consuming, causes discomfort to patients, and tissue obtained from any single site may not be representative of the true extent of the disease [2] .
USG imaging is a safe, readily available, noninvasive, nonionising, and costeffective realtime modality that can be used to image superficial tissues. Because of its noninvasive nature and safety, it has better patient ac ceptance. In addition, because of the wider area that can be imaged, USG may a valuable tool to determine the ex tent and severity of the disease as well as to monitor the response to the treatment, thus supplementing clinical and histological details [35] . The use of USG in the eval uation of OSMF draws inspiration from its application in scleroderma, where USG has been used for diagnosis as well as followup, based on the alteration in the thickness and the echogenicity of the dermis. OSMF is similar in many aspects to scleroderma, where continuous and un controlled fibrosis accompanies a chronic inflammatory reaction. Manjunath et al. reported that USG can delin eate feeble fibrotic bands in clinically normal appearing buccal mucosa in OSMF patients. They also show de creased vascularity (PSV) in the affected area. Thus, pa tients with poor vascularity in the affected area responded poorly to treatment, suggesting the need to alter the treat ment schedule [4, 6, 7] .
The diagnostic accuracy of USG is found to be useful in the diagnosis of various malignant tumours, periapical pathologies, and TMJ disorders. Very few studies have reported in literature with the use of USG in OSMF, and to the best of our knowledge, not a single study has been performed to show its diagnostic potential in OSMF [8] .
Considering the need for early detection of OSMF, we aimed to conduct a study to evaluate the role of USG in OSMF using USG parameters, i.e. submucosal thickness and PSV bilaterally on buccal and labial mucosa, and compared it to healthy individuals with or without habits.
Material and methods
This is a hospitalbased, crosssectional, observational study that was initiated after approval from the Institu tional Ethics Committee, and it was carried out in the Department of Oral Medicine and Radiology and De partment of Radiodiagnosis. In the study group, OSMF patients and patients with a habit were included while patients with previous history with the management of OSMF and coexisting lesion with OSMF were excluded from the study. A total of 150 subjects were selected ran domly from the departmental OPD and categorised in six groups of 25 subjects: Group I -healthy patients, Group II -healthy patients with habit, Group III -OSMF stage I, Group IV -OSMF stage II, Group V -OSMF stage III and Group VI -OSMF stage IVA.
After obtaining informed consent from all the sub jects, detailed clinical history was recorded and clinical examination was carried out in a dental chair under prop er illumination. Patients with OSMF were graded clinical ly according to the classification system given by Khanna and Andrade in 1995 [9] . All the subjects were divided into six groups as per the criteria. All the subjects then un derwent USG examination. The submucosal thickness was measured in BMode while peripheral arterial flow was examined, and peak systolic velocity (PSV) was measured in colour Doppler (DMode) for both buccal and labial mucosa. The patient was made to lie supine on the exami nation table with the shoulders supported by a pillow and the operator seated on the right side. The coupling gel was applied on the buccal and labial surfaces extra orally. Sub jects were instructed to place their index finger intraorally against the lining mucosa to delineate the empty spaces of the oral cavity during the scan. Transcutaneous imaging of the right and left buccal mucosa (RBM and LBM) and upper and lower labial mucosa (ULM and LLM) was per formed by a single trained general radiologist. For buccal mucosa, the transducer probe was placed at the level of the occlusal line ( Figure 1 ). For upper and lower labial mucosa the transducer probe was placed in the region of the philtrum and mentalis, respectively (Figures 2A  and 2B ).
Submucosal thickness measurements in millimetres (mm) were taken at three points, i.e. the anterior (D1), middle (D2), and posterior (D3) for buccal mucosa. Sim ilarly, for labial mucosa the measurements were taken at right (D1), middle (D2), and left (D3) points. The mean submucosal thickness of three points (D1, D2, and D3) was calculated for buccal and labial mucosa. Figure 3 shows USG images of submucosal thickness in centime tres of all six groups. The USG settings were shifted to Dmode to calculate peripheral arterial PSV of buccal and labial mucosa. It was calculated along the hypoechoic band of submucosa and was recorded at the highest point of the waveform, which is represented as the volume (V1) in centimetres/second (cm/s). Figure 4 shows USG images of PSV in cm/s of all six groups. The data were summarised in terms of statistical parameters including mean, standard deviation, and range. The buccal and la bial submucosal thickness on either side was obtained and summarised in terms of mean and standard devia tion according to groups. Oneway analysis of variance 
Results
This hospitalbased study included a total of 150 subjects divided into six equal groups. The condition of the the subjects was diagnosed clinically and ultrasonographical ly. On statistical analysis the age range for controls with and without habit was 1948 years, and amongst 100 cas es of OSMF there was a male predominance and the age range was 2044 years (mean age 32 years).
The descriptive statistics for average sub mucosa thickness across six different stages of OSMF for RBM, LBM, ULM, and LLM. The comparison of mean thick ness across groups for both buccal and labial mucosa was performed using oneway ANOVA. For RBM, the mean thickness across groups differed highly significantly across groups as indicated by pvalue < 0.0001. Further on the left side also, the average thickness was significantly dif ferent across groups with pvalue < 0.0001. As regards the thickness of ULM, the difference of average thickness was significant with pvalue < 0.0001, and on LLM the average thickness was significant with pvalue < 0.0001.
The pairwise comparison of average thickness of LBM between groups was performed using Tukey's posthoc test. It is evident from the table that all the paired com parisons showed highly significant difference of means (p < 0.0001), except Group II and III (p = 0.4573). Pair wise comparison of average thickness of ULM between groups was performed using Tukey's posthoc test. It is evident from the table that all the paired comparisons showed highly significant difference of means (p < 0.0001), except Group II and III (p = 0.9998). Pairwise compar ison of average thickness of LLM was performed using Tukey's posthoc test. It is evident from the table that all the paired comparisons showed highly significant dif ference of means (p < 0.0001), except Group II and III (p = 0.9665) ( Table 1) .
The descriptive statistics of PSV for RBM and LBM as well as ULM and LLM across different groups of OSMF. The comparison of mean PSV across groups was per formed using oneway ANOVA for both buccal and labial mucosa for each side. For RBM, the difference of mean PSV across groups was highly significant with pvalue < 0.0001. Further on LBM, the difference of mean PSV across stages was also significant (p < 0.0001). As regards ULM, the mean PSV across groups also showed statistical significance with pvalue < 0.0001, and a similar observa tion was made for LLM.
The pairwise comparison of mean PSV of RBM was performed using Tukey's test. The analysis revealed that the means differed significantly for all comparisons (p < 0. The sensitivity and specificity of USG parameters, i.e. submucosal thickness, was determined referring to clini cal diagnosis. ROC analysis was performed on both the pa rameters independently by classifying observations as per clinical diagnosis. As regards clinical diagnosis, patients from Group I and II were regarded as normal, while those from Groups III to VI were regarded as cases. The data on left and right side was averaged to generate a single array of thickness values. The array was split into two groups as per clinical diagnosis. ROC analysis resulted into an area under curve (AUC) of 0.957 indicating excellent accuracy of submucosal thickness in classifying cases. The Youd en index based on sensitivity and specificity at each value of parameter was obtained. The maximum index corre sponded to a thickness value of 1.37. This cutoff resulted in a sensitivity of 0.8 (80%), and specificity of 1 (100%). The positive predictive value (PPV) was 1 (100%), while the negative predictive value (NPV) was 0.714 (71.4%). The accuracy of the parameter in diagnosis was 87%.
On similar lines, the upper and lower submucosal thickness was averaged resulting in a single array of thick ness values. The ROC analysis resulted in an AUC of 0.949 indicating excellent accuracy of submucosal thickness in classifying cases. The Youden index resulted into a cut off value thickness of 1.47 resulting in sensitivity of 0.76 (76%) and specificity of 1 (100%). The positive predictive value (PPV) was 1 (100%), while the negative predictive value (NPV) was 0.676 (67.6%). The accuracy of the pa rameter was 84% (Table 3) .
Discussion
OSMF is of special concern not only due to the crippling condition that it produces in the patient but also because the entire mucosa acquires malignant potential. The prev alence of this condition is very high in the Indian popu lation. In OSMF, once the fibrotic bands are palpable, the diagnosis become obvious on clinical examination, and the biopsy is done just for confirmation. However, for early diagnosis before blanching appears or the bands become properly palpable, the clinical examination may not be di agnostic because it is subjective in nature. Moreover, there are no known markers available for early diagnosis of OSMF. Also, the affected oral mucosa acquires potential to transform into malignancy, but because of reduced mouth opening a clinical examination as well as biopsy is difficult and early diagnosis of malignancy is not possible [10] . USG is based on the principle of an inverse piezoelec tric effect [4] . USG is a noninvasive, realtime, nonionis ing, comfortable, less expensive technique that is suitable for visualisation of changes in the superficial structures like buccal and labial mucosa. It can examine a larger area in less time. The diagnostic potential of USG has been report ed by Shetty et al. [11] and Sureshkannan et al. [12] in met astatic cervical lymph nodes, Tiwari et al. [13] in periapical pathologies, Sharma et al. [14] in facial space infection, Gandhi et al. [15] in OSCC, and Kundu et al. [16] in TMJ disorders. Despite these advantages of USG, very few stud ies have been conducted on USG in OSMF patients. Thus, the present study was conducted with the aim to evaluate the role of USG in OSMF.
In the present study, the mean submucosal thickness of right and left buccal mucosa and upper and lower labial mucosa increased significantly in Group II and in OSMF groups as compared to controls. The study results between control and OSMF groups are in accordance with Tiwari et al. [10] , who reported increased submucosal thickness of right and left buccal mucosa and upper and lower labial mucosa in OSMF.
The present study partially favours Rangaiah et al. [5] , who reported increased submucosal thickness at anteri or and posterior buccal mucosa and upper and lower la bial mucosa in OSMF cases as compared to controls but found no significant relationship between USG and clin ical findings because the subjects attributed were greater in number in clinical stage III 10 (50%) and IVa 4 (20%). Also, Devathambi et al. [9] reported a significant increase in submucosal thickness with the advancement of stage of OSMF, but when the different stages were compared there was no statistical significant difference between stage II and III OSMF but significant correlation of stage II with stage IVa and stage III with stage IVa.
Similar study results were reported by Kumar et al. [17] , who found a significant increase in submucosal thickness in OSMF cases compared to controls but failed to elucidate statistical significance across the stages and USG findings because there was heterogeneous distribu tion of the number of cases across the stages. In the pres ent study there was significant correlation amongst OSMF stages and USG findings, which may be attributed to ho mogenous distribution of numbers in all groups of OSMF.
In the present study, the echogenicity pattern report ed on USG in cases showed areas of irregular hyperecho ic linear streaks due to increased fibrous deposits in the submucous layer, whereas the submucosa of the control group appeared hypoechoic band, which in is accord ance with the study conducted by Krithika et al. [6] and Thapasum et al. [18] , who demonstrated and delineated the junction between the hypoechoic submucosal bands and the muscle layer.
Vascularity plays a significant role in the treatment prognosis of OSMF. Poor vascularity in the affected region may respond poorly, and more than average vascularity may suggest malignant changes in the present study; pe ripheral arterial PSV in the submucosal band was assessed in colour Doppler spectral mode of buccal and labial mu cosa. PSV was evaluated in the past in various inflamma tory and neoplastic conditions. Li et al. [7] , who performed USG in cases of scleroderma and reported decreased blood flow, increased echogenicity with increased fibrosis, and Gandhi et al. [15] , who reported increased mean PSV in patients with malignancy compared to healthy subjects. The increased PSV in malignancy cases was because of the angiogenesis resulting in increased lesion vascularity. The mean PSV of right and left buccal mucosa and upper and lower labial was reduced significantly in Group II and OSMF groups as compared to Group I ( Table 2 ). The com parison of mean arterial PSV across groups for both buccal and labial mucosa was highly significant except patients in OSMF stage III and IVa.
This reduced PSV from control to stage III OSMF showed clinical correlation with the degree of fibrosis and severity of condition. This is similar to the only study in the literature by Manjunath et al. [4] , who performed intracavitary pre and posttreatment ultrasonographic PSV evaluation in OSMF patients. They found that USG demonstrated fibrous bands and a pattern of overall vas cularity in the affected area. Vascularity of mucosa over lying the band was found to be decreased with reduced flow velocity, while between the bands it was normal. They found that the USG peripheral venous PSV value was helpful in monitoring treatment prognosis and alter ing the treatment schedule if needed.
The sensitivity and specificity of USG in OSMF and control groups was not assessed in previous studies, but there is adequate literature available supporting the diag nostic accuracy of USG in maxillofacial pathologies like periapical lesions, space infections, temporomandibular joint (TMJ) disorders, lymph node metastasis, and oral malignancies [8, 1316, 19] .
In the present study, the sensitivity and specificity of USG was evaluated in OSMF cases and controls, to assess its role in OSMF. The submucosal thickness of Group I and II was below the cutoff value, suggesting that although the thickness was significantly increased in Group II com pared to controls, it cannot be considered to be of diag nostic importance. Submucosal thickness cutoff values of more than 1.37 for buccal mucosa and 1.47 for labial mucosa suggest that USG is an efficient tool in the diag nosis of OSMF according to present study. But out of 100 clinically diagnosed OSMF cases, only 80% showed buccal submucosal thickness more than the cutoff value (1.37), while 76% showed labial mucosa submucosal thickness more than the cutoff value (1.47). Thus, USG showed 87% and 84% accuracy in the diagnosis of OSMF using buccal and labial submucosal thickness findings, respectively (Ta ble 3).
The PSV parameter was analysed by averaging the left and right buccal mucosa, as well as upper and lower labial mucosa. For either data set, the obtained AUC was 0.01, indicating that the PSV failed in classifying the cases from the controls, so this is not a reliable tool for diagnosis of OSMF. The diagnostic accuracy of USG was studied by Hayashi et al. [20] , Tiwari et al. [13] , Kundu et al. [16] , Sharma et al. [14] , Gandhi et al. [15] , Shetty et al. [11] , and Sureshkannan et al. [12] , which involves hard and soft tissue lesions. Various authors, including Shetty et al. [11] and Sureshkannan et al. [12] performed the USG evalu ation of cervical lymph nodes in head and neck cancer. The reported sensitivity, specificity, PPV, NPV, and accu racy by Shetty et al. [11] was 54.5%, 85.71%, 60%, 82.75%, and 76.92%, respectively, while by Sureshkannan et al. [12] it was 85.7%, 90%, 92.3%, 81.8%, and 87.5%, respective ly. The present study results showed greater sensitivity as compared to specificity. The accuracy was also found to be higher as compared to the abovementioned studies. The sensitivity and accuracy of the present study results also support the study conducted by Gandhi et al. [15] , who performed USG Doppler evaluation in OSCC cases and reported sensitivity 86.60 % and accuracy 93.33%.
The variations in sensitivity, specificity, PPV, NPV, and accuracy of diagnostic potential of USG may be due to variations in the sample size, different nature of orofa cial pathologies, site of orofacial pathology (superficial or deep), as well as US operator variability. Kundu et al. [16] stated in their article that interpretation of USG images is highly dependent on the operator. Thus, welltrained and experienced operators are essential to get reliable results. USG can provide confirmatory evidence of fibrosis nonin vasively. It takes less time to study larger area and shows differences between various soft tissues. USG can effective ly differentiate normal from cystic, benign, and malignant lesions. It can show early changes of the condition in clini cally healthy appearing mucosa in individuals with a habit. Fibrous bands can be studied in relation to vascularity and blood flow in regions in which it would not be possible in routine histopathological procedures. The treatment plan can be scheduled according to the vascularity of the re gion, and prognosis during treatment can be assessed.
Conclusions
In conclusion, it can be said that a disease such as OSMF, in which the severity varies site to site, requires a multi modal approach for effective assessment, management, and followup. In addition to the established methods of clinical and histopathological evaluation, USG provides a whole new third dimension by permitting tissue charac terisation over the entire buccal and labial mucosa, indi cating the depth of fibrosis, which is not possible by other methods. USG is a valuable, noninvasive, affordable, and radiationfree diagnostic tool that is easily accepted by patients, and it is less time consuming. We reported that as the severity of the disease advances, it showed a direct relation with submucosal thickness and an inverse rela tion with PSV. Also, habitinduced mucosal alteration in submucosal thickness can be seen on USG, which cannot be visualised on clinical examination. USG may be a bet ter diagnostic tool in individuals with habits. Hence, USG can be a promising tool for diagnosis, for assessment of severity, and for evaluation of prognosis of OSMF.
